The evolution of the complex and dynamic behavioural interactions between caring parents and their dependent offspring is a major area of research in behavioural ecology and quantitative genetics. While behavioural ecologists examine the evolution of interactions between parents and offspring in the light of parent-offspring conflict and its resolution, quantitative geneticists explore the evolution of such interactions in the light of parent-offspring co-adaptation due to combined effects of parental and offspring behaviours on fitness. To date, there is little interaction or integration between these two fields. Here, we first review the merits and limitations of each of these two approaches and show that they provide important complementary insights into the evolution of strategies for offspring begging and parental resource provisioning. We then outline how central ideas from behavioural ecology and quantitative genetics can be combined within a framework based on the concept of behavioural reaction norms, which provides a common basis for behavioural ecologists and quantitative geneticists to study the evolution of parent-offspring interactions. Finally, we discuss how the behavioural reaction norm approach can be used to advance our understanding of parent-offspring conflict by combining information about the genetic basis of traits from quantitative genetics with key insights regarding the adaptive function and dynamic nature of parental and offspring behaviours from behavioural ecology.
INTRODUCTION
Elaborate behavioural interactions between caring parents and their dependent offspring are common in animals where parents repeatedly provide their offspring with resources after hatching or birth (Clutton-Brock 1991) . For example, parents of many birds and mammals, as well as some insects, adjust their provisioning of resources in response to conspicuous offspring begging displays. In these same systems, the offspring also adjust their begging behaviour in response to the amount of resources received from the parents (Kilner & Johnstone 1997; Budden & Wright 2001; Wright & Leonard 2002) . The evolution of such complex and dynamic behavioural interactions between parents and offspring has been, and continues to be, a major area of research interest in behavioural ecology and quantitative genetics (Royle et al. 2002; Wright & Leonard 2002; Kö lliker et al. 2005) .
Traditionally, behavioural ecologists have considered the complex nature of behavioural interactions between parents and offspring as a phenotypic manifestation of parentoffspring conflict. Important issues in this field have been to understand how parental and offspring behaviours evolve given that parents and offspring have conflicting interests, and to understand how parental and offspring behaviours contribute to the resolution of conflict (Godfray 1995a; Kilner & Johnstone 1997; Wright & Leonard 2002; Royle et al. 2004) . Meanwhile, quantitative geneticists have focused upon co-adaptation between parents and offspring resulting from the combined effects of parental and offspring behaviours on offspring fitness (Wolf & Brodie 1998; Kölliker et al. 2005; Wolf & Hager 2006) . Previous reviews have compared the general value of the optimality approach used by behavioural ecologists and quantitative genetics (Moore & Boake 1994; Gomulkiewicz 1998) . In our review, we compare the two approaches in the context of parent-offspring conflict and co-adaptation, and address the hitherto unresolved issue of how we might reconcile these two approaches to establish a common framework that combines central ideas and concepts from both sides.
Here, we first review the merits and limitations of traditional behavioural ecology and quantitative genetic approaches, and show that these two approaches provide valuable complementary insights into the evolution of parent-offspring interactions. We then outline a joint framework, based on the concept of behavioural reaction norms, and propose that this framework can be used to gain novel insights into the evolution of parent-offspring conflict and co-adaptation by incorporating information or assumptions about the genetic basis of parental and offspring behaviours while maintaining key insights into the functional and dynamic nature of parent-offspring interactions from behavioural ecology. While we present this synthesis with a specific focus on the evolution of parent-offspring interactions, we conclude that the proposed framework is valid and useful also in a broader context as a potential approach for advancing our understanding of the evolution of social interactions in general.
BEHAVIOURAL ECOLOGY VERSUS QUANTITATIVE GENETICS
(a) Parent-offspring conflict and its resolution Behavioural ecologists investigate parent-offspring interactions to gain insights into the evolutionary resolution of parent-offspring conflict. Parent-offspring conflict has been a key theoretical concept in behavioural ecology ever since Trivers (1974) first proposed the idea. Prior to Trivers, the presumption among evolutionary biologists was that parents and offspring had identical evolutionary interests regarding resource allocation. However, Trivers argued that, due to asymmetries in relatedness between parents and offspring, each offspring should be under selection to demand more than its fair share of the resources, because it is more closely related to itself than to its siblings. Conversely, parents should be under selection to attempt to divide resources equitably between their own offspring, because parents are equally related to all of them. Since Trivers, behavioural ecologists have explored the consequences of parent-offspring conflict for the evolution of parent-offspring interactions using a combination of game-theoretic modelling and behavioural experimentation.
Game-theoretic models based upon explicit assumptions about the behavioural strategies played by each family member have established that the adaptive function of elaborate parent-offspring interactions can be understood in the context of the resolution of parent-offspring conflict (Godfray 1995a ). These models aim to identify evolutionarily stable pairs of parental resource provisioning and offspring begging strategies, and as such fall into two major classes: (i) honest signalling models, which assume that parents control the allocation of resources (Godfray 1991 (Godfray , 1995b and (ii) scramble competition models, which assume that offspring control the allocation of resources (Parker & Macnair 1979; Parker et al. 2002a) . Despite making opposite assumptions as to which party controls resource allocation, both classes of model share the prediction that begging ultimately reflects individual offspring need, thus providing parents with information on their offspring's nutritional needs. Distinguishing between honest signalling and scramble competition remains one of the major unresolved problems faced by behavioural ecologists studying parent-offspring interactions (Royle et al. 2002) .
Behavioural ecologists have conducted a wealth of experimental studies over the past decades, thereby providing important insights into the adaptive function of dynamic parent-offspring interactions. Food-deprivation experiments designed to test whether offspring adjust their begging behaviour to changes in their hunger levels have now been conducted across a wide range of taxa. Such experiments show the expected general pattern that offspring respond by begging more when they are food deprived and hungry than when they are satiated (Kilner & Johnstone 1997; Budden & Wright 2001; Wright & Leonard 2002; ). However, other experiments suggest that offspring begging is not simply a signal of the offspring's hunger state, but is influenced by a number of additional factors, including the long-term need for food (Price et al. 1996) , parasite infestation (Christe et al. 1996) , immunocompetence (Saino & Møller 2002) , the number of offspring in the brood (e.g. Leonard et al. 2000) , competitive rank (e.g. Cotton et al. 1999 ) and learning experiences (Kedar et al. 2000) . With regard to parental responses, experiments have also shown a general pattern that parents adjust their resource provisioning according to the changes in offspring begging levels (Kilner & Johnstone 1997; Budden & Wright 2001; Wright & Leonard 2002) . However, parents also adjust their provisioning behaviour to additional factors. For instance, in species with bi-parental care, parents often adjust their food provisioning to the amount of care provided by their partner, suggesting that parents somehow negotiate the amount of care that each should provide (Wright & Cuthill 1989; Houston et al. 2005) .
The strength of the optimality approach taken by behavioural ecologists is that it is explicit about the consequences of parent-offspring conflict and the adaptive function of parent-offspring communication as a behavioural mechanism for conflict resolution. The limitation of this approach is that it is based on the assumptions that the evolution of parental and offspring behaviours can be understood from a purely phenotypic perspective, and that information about genetic architecture, including genetic correlations between traits, can be safely ignored (Grafen 1991) . This approach, which was termed 'the phenotypic gambit' by Grafen (1991) , has allowed behavioural ecologists to greatly expand our understanding of the evolutionary function of animal behaviour over the past four decades without the need for detailed and laborious studies on trait inheritance and genetic architecture. However, the behavioural ecology approach ultimately rests on the implicit assumptions that (i) traits have a heritable basis (otherwise they would not evolve), (ii) parental and offspring behaviours have an independent genetic basis and (iii) parental and offspring behaviours as observed today have reached an evolutionarily stable equilibrium. There is increasing experimental evidence for maintained heritable variation in, and genetic correlations between, parental and offspring behaviours, which suggests that one or more of these assumptions may be violated (reviewed in Kö lliker & Richner 2001 and Kö lliker 2005). Thus, in order to advance our understanding of the evolution of parent-offspring interactions, we now need to explicitly incorporate information on the genetic basis of parental and offspring behaviours. Quantitative genetics provides the necessary theoretical concepts and tools for obtaining such information.
(b) Maternal effects, offspring effects and co-adaptation Quantitative genetics aims to predict evolutionary responses to selection on a given trait based upon information or assumptions about the form and strength of selection and patterns of trait inheritance (Lande & Arnold 1983; Lynch & Walsh 1998) . Given that selection can act on multiple traits simultaneously, the evolutionary response to selection for a given trait depends not only on the genetic variation in the trait in question, but also on the genetic covariances with other traits (Lande & Arnold 1983; Lynch & Walsh 1998) . Selection is usually estimated in terms of selection gradients obtained as partial regression coefficients in multiple regression models, and can be further differentiated into linear (i.e. directional) or nonlinear (e.g. stabilizing) selection gradients (Lande & Arnold 1983) . Information or assumptions about genetic architecture, such as the genetic variances and covariances of traits, are often assumed to be constant when predicting the evolution of mean trait values. In addition, information or assumptions about patterns of selection on suites of traits can also be incorporated to explore evolutionary change in the genetic variances and covariances of multiple traits (Phillips & McGuigan 2006) .
Quantitative genetics models examine the evolution of parental provisioning of dependent offspring in terms of adaptive maternal effects, defined as environmental conditions generated by the parent that influences the expression of offspring traits such as growth and survival (Cheverud 1984; Kirkpatrick & Lande 1989; Cheverud & Moore 1994; Mousseau & Fox 1998; Räsänen & Kruuk 2007) . Although maternal effects are defined as environmental sources of variation, they are likely to have a partially genetic basis, in which case they might evolve in response to selection (Kirkpatrick & Lande 1989) . Quantitative genetics models have generally ignored the possibility that offspring may actively influence parental contributions to their growth and survival, for example, through engaging in conspicuous begging displays (Kilner & Johnstone 1997; Wright & Leonard 2002) . However, the recent models suggest that offspring begging can be incorporated into such models by treating it as an offspring effect that influences parental provisioning, thus generating a more realistic and complex feedback loop between parental and offspring behaviours (Kö lliker 2003; Kö lliker et al. 2005) .
Quantitative genetics models suggest that patterns of genetic variation and covariation in parental and offspring traits can reveal important information about patterns of past selection ( Wolf & Brodie 1998) , such as the nature of particular evolutionary resolutions to parent-offspring conflict . Maternal and offspring effects can generate epistasis for fitness; i.e. particular combinations of parental and offspring traits with similar fitness values ( Wolf & Brodie 1998; Wolf 2000; Kö lliker et al. 2005) . Such epistasis for fitness is expected to select for co-adaptation between parents and offspring, which can be detected as a genetic correlation between parental and offspring trait values. If parental provisioning is the trait under selection, the sign of such genetic correlations is usually expected to be negative, because parents are adapting to genetic variation in offspring begging behaviour . Conversely, if offspring begging is under selection, the sign of such correlations is expected to be positive, because now it is offspring that is adapting to genetic variation in parental provisioning .
Interestingly, the recent experimental work across a wide range of taxa has provided evidence for such variation in patterns of co-adaptation between parental provisioning of resources and offspring demand for resources (Kölliker et al. 2000; Agrawal et al. 2001; Hager & Johnstone 2003; Curley et al. 2004; Lock et al. 2004; Maestripieri 2004; Qvarnström et al. 2007 ). In particular, cross-fostering experiments have reported a negative genetic correlation between parental provisioning and brood demand in burrower bugs (Sehirus cinctus; Agrawal et al. 2001) and rhesus macaques (Macaca mulatta; Maestripieri 2004), and a positive genetic correlation between parental provisioning and offspring begging in great tits (Panus major; Kö lliker et al. 2000) and burying beetles ( Nicrophorus vespilloides; Lock et al. 2004) . Further evidence for inherited patterns in parent-offspring interactions comes from an interspecific partial crossfostering experiment on pied and collared flycatchers, where the divergence in begging between the two species reflected a divergence in offspring need for resources (Qvarnström et al. 2007) . Such studies therefore suggest that quantitative genetics models provide valuable insight into patterns of co-adaptation between parental and offspring trait values.
The strength of the approach taken by quantitative geneticists is that it allows us to explicitly incorporate information or assumptions about the heritable basis of parental and offspring behaviours to predict evolutionary changes in these traits. Furthermore, the approach allows us to examine the evolution of genetic variances and covariances, thereby providing valuable insights into the evolutionary consequences of co-adaptation between parents and offspring. Both the heritable basis of parental and offspring behaviours and the co-adaptation between parents and offspring have hitherto been largely ignored by behavioural ecologists. Finally, quantitative genetics is explicit about the definition and description of parental and offspring fitness as components of an individual's lifetime fitness, while behavioural ecology can be ambiguous as to whether particular fitness components, such as offspring growth and survival, should be assigned to parents or offspring (Cheverud & Moore 1994; Wolf & Wade 2001) . A major limitation to the quantitative genetics approach, however, is that it ignores the influences of antagonistic selection caused by parentoffspring conflict, and thus the functional context in which parental and offspring behaviours evolve (i.e. conflict resolution). Instead, parent-offspring interactions are defined rather broadly as maternal and offspring effects, and the links with the adaptive function of parentoffspring communication as a behavioural mechanism for conflict resolution are unclear. Furthermore, quantitative genetics is based upon very explicit and limited definitions of parental and offspring traits. It thereby ignores the complex and often dynamic nature of parental provisioning and offspring begging behaviours, including changes due to social environment, ecological conditions, development, age or learning (Kilner & Johnstone 1997; Wright & Leonard 2002) , unless the models are specifically modified to handle such effects. For example, Lock et al. (2007) found that pre-and postnatal maternal effects changed in opposite directions as a function of female age in the burying beetle N. vespilloides, thus illustrating that maternal care should be treated as a complex suite of co-adapted traits.
A COMBINED APPROACH: BEHAVIOURAL REACTION NORMS
It is clear that behavioural ecology and quantitative genetics provide important complementary insights concerning the evolution of parent-offspring interactions, and
Review. Parent-offspring conflict and co-adaptation P. T. Smiseth et al. 1825 that in the future both approaches will undoubtedly develop further due to continued interest in the evolution of parent-offspring conflict and co-adaptation. However, we feel that to further advance our understanding of the evolution of parent-offspring interactions, it is important to integrate these two traditional approaches, and that this is best done using a behavioural reaction norm approach (see also Taylor & Day 2004) , which combines theoretical concepts and empirical approaches of behavioural ecology and quantitative genetics.
Reaction norms are used in quantitative genetics to account for the impact of environmental effects on the phenotype produced by a given genotype (e.g. Kirkpatrick & Heckman 1989; de Jong 1990; Gomulkiewicz & Kirkpatrick 1992) and their evolution can be modelled as evolving function-valued traits (Kingsolver et al. 2001; Kirkpatrick & Meyer 2004; Meyer & Kirkpatrick 2005) . Reaction norms have rarely been used to conceptualize the evolution of social behaviours (Agrawal 2001) , although the expression of many social behaviours would fit the definition of a reaction norm or a function-valued trait. Behavioural reaction norms are similar to traditional reaction norms, but are different in one important respect. Traditional reaction norms involve irreversible or slowly developing effects of the physical environment on the phenotype (i.e. phenotypic plasticity; Piersma & Drent 2003) , such as the effect of temperature on growth and other developmental traits (Nussey et al. 2007) . By contrast, behavioural reaction norms describe fast responses by the focal individual to variation in the social environment (Agrawal 2001) . This involves repeated interactions with reversible effects and temporal behavioural dynamics, such as the time elapsed since the offspring's last feeding event (i.e. phenotypic flexibility; Piersma & Drent 2003) . In addition, the concept of behavioural reaction norms is very similar to that of response functions or negotiation rules, which are commonly used in behavioural ecology (Taylor & Day 2004; Houston et al. 2005) . The two concepts differ in the sense that only the former term explicitly incorporates information on the heritable basis of behaviour.
Behavioural reaction norms map very easily onto traditional perspectives of parent-offspring interactions. It was Hussell (1988) who first proposed a model for the proximate basis of parent-offspring interactions based upon behavioural response functions (figure 1a), which define the rules by which parents and offspring react to each other's behaviours in terms of supply and demand. The offspring response function describes the effect that provisioning of resources by parents has on offspring begging behaviour (i.e. the demand function, or the effect of supply on demand). The parent response function describes the effect that offspring begging behaviour has on the provisioning effort of the parents (i.e. supply function, or the effect of demand on supply). Hussell's (1988) model has subsequently been used as the conceptual basis for the idea that parent-offspring interactions provide a behavioural mechanism for the resolution of parent-offspring conflict, whereby parents and offspring dynamically react to each other's behaviours. As such, Hussell's (1988) supply and demand functions are equivalent to the behavioural reaction norms when expressed as behavioural responses with heritable variation in the intercepts, slopes or curvilinear shapes (figure 1). This connection between response functions and behavioural reaction norms helps bridge the empirical, mathematical and terminological gap between behavioural ecology and quantitative genetics (Johnstone 1996; Mock & Parker 1997; Parker et al. 2002b; Kölliker 2003) .
The recent theoretical developments in behavioural ecology highlight the key conceptual role of Hussell's (1988) proximate model in the modelling of parentoffspring conflict ( Johnstone 1996; Mock & Parker 1997; Parker et al. 2002b) . Different models for the resolution of parent-offspring conflict are often based on different assumptions about the offspring demand function (Mock & Parker 1997; Parker et al. 2002b) . For example, scramble competition models assume that the offspring demand function is negative; that is, offspring beg less when parents provide more food ( Assuming an ancestral population with mean values represented by the circle, an increase in the level of parental provisioning by DS can be produced via changes in the supply function's intercept (b; square-increased parental supply to all levels of offspring begging), slope (c; square-higher parental responsiveness to begging) or shape (d; square-higher responsiveness to begging especially at low levels). In these cases, the behavioural level of offspring begging is assumed to passively follow according to an evolutionarily unchanged demand function. Alternatively, an increase in the level of parental provisioning by DS could also be achieved through evolutionary changes in the demand function intercept (b; triangleincreased offspring begging to all levels of parental supply), slope (c; triangle-reduced offspring sensitivity to supply) or shape (d; triangle-reduced sensitivity to supply especially at low levels). In the latter three scenarios, parental provisioning is assumed to passively follow according to an evolutionarily unchanged supply function. Finally, an increase in the level of parental provisioning by DS could occur due to changes in either intercept (b; plus), slope (c; plus) or shape (d; plus) of both parental and offspring response functions. Parker et al. 2002b) . Conversely, honest signalling models assume that the offspring demand function is zero; that is, parental food provisioning has no effect on offspring begging (Godfray 1991 (Godfray , 1995b . A more recent version of the honest signalling model assumes that the offspring demand function is negative ( Johnstone 1996) . Interestingly, these theoretical developments show that assumptions about the shape of the offspring demand function affect the outcome of parent-offspring conflict because, in honest signalling models, the allocation of resources is shifted away from the parents' optimum and towards the offspring's optimum when the offspring demand function is assumed to be negative as compared with when it is assumed to be zero ( Johnstone 1996) . The relevance of Hussell's (1988) proximate supply demand model to a quantitative genetics theory of parentoffspring co-adaptation becomes apparent when this purely graphical model is formalized using linear regression equations (Kö lliker 2003) . By expressing supply and demand functions in terms of additive genetic values (i.e. breeding values), their evolution can be modelled from a quantitative genetics perspective (figure 1). Co-adaptation models of this sort assume that the intercepts of the linear supply and demand functions are evolving, but that their shapes (i.e. slopes) are fixed and are not subject to evolutionary change ( Wolf & Brodie 1998; Kölliker et al. 2005) . Such models therefore do not treat these functions as fully coevolving behavioural reactions norms. This is because, just as the shapes of the supply and demand functions are crucial in conflict resolution models, the predicted pattern of co-adaptation depends critically not only on the patterns of selection but also on the assumed slopes of the response functions (Wolf & Brodie 1998; Kölliker et al. 2005) .
The behavioural reaction norm approach we are advocating differs from existing conflict resolution and co-adaptation approaches by focusing explicitly on the coevolution of the behavioural response rules (McNamara et al. 1999; Taylor & Day 2004; Houston et al. 2005) . It thereby places selection on the temporal and behavioural dynamics of such interactions at the very centre of any investigation of parent-offspring conflict. Our current understanding of parent-offspring interactions is almost entirely based upon simplistic and inappropriate static arguments, models and evidence (e.g. Godfray & Johnstone 2000) . Therefore, any future research (both theoretical and experimental) that uses a behavioural reaction norm approach will automatically provide a solution to this widely recognized problem, while also combining the best of traditional behavioural ecology and quantitative genetics approaches.
APPLICATIONS OF THE BEHAVIOURAL REACTION NORM APPROACH
Now we have three complementary approaches to the study of parent-offspring interactions: the traditional behavioural ecology and quantitative genetics approaches, and the combined behavioural reaction norm approach presented here. All three approaches should be pursued in the future, because the suitability of the approach taken will depend upon the type of question under scrutiny. For example, traditional behavioural ecology is likely to be best for studying the mechanisms of conflict resolution, while traditional quantitative genetics will continue to provide insights into co-adaptation between parents and offspring. The behavioural reaction norm approach will be of most use in tackling crucial questions regarding the evolution of parent-offspring interactions, which is a key area that has been left unexplored by the traditional approaches.
The behavioural reaction norm framework makes clear that the evolving traits in parent-offspring interactions are how parents and offspring respond to each other. Direct support for this central evolutionary role of offspring and parent behavioural reaction norms comes from the traditional resolution and co-adaptation models themselves: in both types of models, assumed variation in the slopes of the demand and/or supply response function generates variation in offspring and/or parental fitness ( Wolf & Brodie 1998; Parker et al. 2002b; Kö lliker et al. 2005) . Thus, previous models have demonstrated selection on parental and offspring behavioural reaction norms, but there was no evolutionary effect of selection because the response rules were assumed to be fixed. Only by turning fixed response rules into heritable and evolving behavioural reaction norms can selection be allowed to have the required evolutionary consequences. Appropriate evolutionary models are now needed to formalize a theory of coevolving behavioural reaction norms in the context of parent-offspring interactions. Such models may be founded around and extended upon negotiation models (McNamara et al. 1999; Taylor & Day 2004) , or upon reaction norms (Kirkpatrick & Heckman 1989; de Jong 1990; Gomulkiewicz & Kirkpatrick 1992) and other types of function-valued trait models (Kingsolver et al. 2001; Kirkpatrick & Meyer 2004; Meyer & Kirkpatrick 2005) .
In experimental research, perhaps the most obvious advantage of the behavioural reaction norm approach is that it provides a sound and intuitive foundation to study the heritable basis of parental resource provisioning and offspring begging. In contrast to traditional quantitative genetics, which would estimate genetic variation in the level of parental resource provisioning and offspring begging, the behavioural reaction norm approach can be used to estimate genetic variation in the nature of parental and offspring response functions. Such information would be essential given that the expression of these behaviours is dynamic and depends critically on the behaviour of the other party (Kilner & Johnstone 1997; Budden & Wright 2001; Wright & Leonard 2002) . The first step in this process would involve experimental assessment of the intercept, slope and shape of both parental and offspring reaction norms by measuring the begging of individual offspring under various levels of food deprivation, and the provisioning of individual parents under various levels of offspring begging (Kilner & Johnstone 1997; Budden & Wright 2001; Wright & Leonard 2002; Kölliker 2003) . The next step would be to conduct such experimental tests within traditional quantitative genetics breeding designs to obtain estimates of the heritable basis of parental and offspring behavioural reaction norms. Such studies would provide new and important information concerning the amount of genetic variation in the different components of parental supply and offspring demand reaction norms, i.e. the intercept, slope and shape, as well as the level of genetic correlation between these components.
The behavioural reaction norm approach would provide important new information concerning any selection on and evolution of parental supply and offspring Review. Parent-offspring conflict and co-adaptation P. T. Smiseth et al. 1827 demand response functions. Traditional quantitative genetics and behavioural ecology approaches implicitly assume that parental and offspring response functions are fixed over evolutionary time (Godfray 1991 (Godfray , 1995a Wolf & Brodie 1998; Parker et al. 2002a,b; Kö lliker et al. 2005 ). Yet, parents and offspring are also assumed to change their behaviour adaptively in response to variation in each other's behaviour, thus implying that response functions have an adaptive function. It is therefore important to conduct experiments investigating how selection and inheritance can affect the evolution of parental supply and offspring demand reaction norms (figure 1). Given the complex and dynamic nature of the behaviours involved, such experiments represent a major empirical challenge, necessitating the establishment of new experimental systems alongside the well-established bird and mammal model systems. This would have to include laboratory systems with short generation times that allow us to conduct artificial breeding, artificial selection and experimental evolution experiments. Suitable insect species, such as the burying beetle N. vespilloides ) and the earwig Forficula auricularia (Kölliker 2007), perhaps represent the most promising systems to this end. In addition, it should be possible to assess the historical effects of selection via comparative studies, an approach only very rarely exploited in the study of parentoffspring interactions. Earlier studies on nestling begging in birds by Briskie et al. (1994) and Haskell (1999) have shown that loudness begging of calls is negatively correlated with variation in within-brood relatedness (due to extra-pair mating) and the probability of nest predation (due to nest vulnerability), as predicted by parent-offspring conflict theory. More specific theoretical predictions could be generated concerning the exact shapes of behavioural reaction norms concerning parental provisioning responses and offspring begging sensitivity, and tested for via food deprivation and/or begging playback experiments in species with contrasting mating systems, life history and ecology.
The behavioural reaction norm approach we advocate for the study of parent-offspring interactions could also be applied to other questions where the expression of traits depends upon the behaviour of other individuals. Behavioural ecologists have demonstrated that social behaviours in general tend to be flexible in the sense that focal individuals adjust their behaviour to the behaviour of other individual(s) involved in the interaction (Moore et al. 1997) . Such behavioural flexibility encompasses the whole field of animal communication (Bradbury & Vehrencamp 1998) , as well as maternal hormonal effects on offspring behavioural development (e.g. Mü ller et al. 2007) , the evolution of cooperation ( Taylor & Day 2004) , aggressive behaviours expressed during escalated contests when competing for mates and resources (Huntingford & Turner 1987) , courtship displays and mate choice (Andersson 1994; Chenoweth & Blows 2006) , plus cooperative anti-predator vigilance and mobbing (Caro 2005) and cooperative breeding (Koenig & Dickenson 2004) . We suggest that the behavioural reaction norm approach could be applied to all of these situations, possibly providing a generally valid common framework for behavioural ecologists and quantitative geneticists to study the genetic evolution of social interactions. While we suggest that parent-offspring interactions provide the most obvious starting point for the development of such an approach, there is clearly potential to expand this way of thinking more generally when studying the evolution of a range of different social behaviours.
